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SPECIFICATION 

TITLE OF THE INVENTION 

Technique on ozone water for use in cleaning semiconductor substrate 

FIELD OF THE INVENTION 

The present invention relates to a technique on ozone water for 
use in cleaning semiconductor substrates and more particularly to a 
technique on ozone water for use in cleaning semiconductor substrates, 
which can prevent such a phenomenon associated with the cleaning of 
the semiconductor substrates using the ozone water that a ozone 
concentration in the ozone water is decreased seriously in the course 
of an injection of the ozone water from a cleaning nozzle onto the 
semiconductor substrate . 

DESCRIPTION OF THE PRIOR ART 

Ozone water has recently drawn attention in the field of 
manufacturing processes for semiconductor substrates. The reason for 
this is because the ozone water can induce a strong oxidative reaction 
and also advantageously a resultant product from decomposition thereof 
is oxygen that may help simplify a waste water treatment after the cleaning 
of the semiconductor substrates. The ozone water has been employed 
in some applications , including a removal of organic compounds and 
metallic impurities adhering to the surfaces of the semiconductor 
substrates and an oxidation of the semiconductor substrates. 

Besides, the circumstances today require the semiconductor 
substrates having high level of cleanliness. To meet this need, an 
ultra-pure water having an extremely high purity has been commonly 
employed as a cleaning water used in cleaning the substrates. The 
ultra-pure water is defined as the water containing not only particles 
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and metallic impurities but also TOC (Total Organic Carbon) amount 
reduced significantly . One method for reducing the total organic carbon 
amount is known, in which an ultraviolet ray is irradiated to the 
ultra-pure water to decompose and thus remove the amount of organic 
carbon contained in the ultra-pure water (i.e. , carbon atoms contained 
in the organic compound) . 

It is to be noted in this regard that a concentration of the ozone 
dissolved in the water (hereinafter referred to as a dissolved ozone 
concentration) is decreased over time due to an ozone diffusion into 
the atmosphere, an ozone autolysis and the like, except a case that 
the ozone in itself is consumed in a chemical reaction. The half -life 
period of ozone is known as an index to indicate the reduction in the 
dissolved ozone concentration over time . This represents a time period 
required for an amount of ozone dissolved in the water to decrease by 
half. Although it is affected by an area of liquid surface (a 
vapor- liquid contact area) and the likes , typically the half -life period 
of ozone in the pure water is in a range of 10 to 30 minutes. When 
the pure water is held in a vessel having a large opening, such as a 
cleaning bath, the half -life period of ozone is typically in a range 
of 2 to 5 minutes . 

There have been three known methods according to the prior art 
for extending the half -life period of ozone, as will be described below. 
Those are: (1) reducing a distance from an ozone dissolving section 
for dissolving an ozone gas into an ultra-pure water to a use-point 
in a cleaning apparatus where an ozone water is used, such as a spray 
nozzle for spraying a cleaning water over a semiconductor substrate, 
for example; (2) extending a process time of the ozone water in the 
cleaning apparatus; and (3) introducing such an ozone wafer producing 
apparatus that can produce the ozone water having as several or some 
ten times high dissolved ozone concentration as that usually required 



in the cleaning of semiconductor substrates. 

The method characterized in (1) reducing the path to be used can 
be easily embodied. For example, it is contemplated to employ a direct 
bubbling of the ozone gas into the cleaning bath so as to obtain the 
ozone water. However, in this method, the highly concentrated ozone 
water could not be obtained and inevitably no enhanced cleaning 
capability on the semiconductor substrates could be expected. 

As for the method characterized in (2) extending the process time, 
the cleaning processing ability of the cleaning apparatus could be 
deteriorated. Further, the method characterized in (3) producing the 
ozone water having the concentration greater than what is required would 
need an ozone water producing apparatus of large capacity . Consequently , 
the methods defined in ( 2 ) and ( 3 ) could lead to an equipment cost increase . 

On the other hand, the inventors of the present invention have 
made a research on the half -life period of ozone particularly on an 
ozone water comprising an ultra-pure water containing ozone (hereinafter 
referred to as an ultra-pure ozone water) . As a result, the inventors 
have reached the finding that the half -life period of ozone of the 
ultra-pure ozone water is significantly short as compared to that of 
the conventional ozone water using a pure water and consequently using 
the ultra-pure ozone water could not provide sufficient cleaning 
performance of the semiconductor substrates . 

Based on this finding, the inventors have made an investigation 
to find an exact factor affecting the serious drop in the half -life 
period of zone of the ultra-pure ozone water. Ultimately, they have 
realized that an amount of organic ccirbon in the water that can suppress 
the autolysis of ozone is decomposed by an ultraviolet ray that has 
been irradiated during the production of the ultra-pure water, which 
consequently facilitates the autolysis of ozone in the ultra-pure ozone 
water . 



Taking this into account, the inventors have made a further 
enthusiastic research and finally reached the finding that adding an 
amount of organic solvent containing an organic carbon to the ultra -pure 
ozone water is extremely effective in suppressing the reduction of the 
half -life period of ozone. 

They have found further in this regard that the amount of the organic 
solvent to be added should be a very trace amount but with the organic 
solvent added by an amount more than what is required, the organic carbon 
in the organic solvent will be left on a surface of the semiconductor 
substrate , leading to the deterioration of quality of the semiconductor 
substrate. Based on this finding, the inventors have also reviewed 
a method for adding the trace amount of organic solvent to the ultra-pure 
ozone water. As a result, it has been proved that adding the organic 
carbon in the organic solvent to the ultra-pure ozone water by using 
a porous polymer membrane having water repellency is effective. 

Accordingly, an object of the present invention is to provide an 
ozone water having a reduced total organic carbon amount, especially 
an ozone water for use in cleaning semiconductor substrates characterized 
in that the reduction of the half -life period of ozone of an ozone water 
obtained from an ultra-pure water having an extremely small total organic 
carbon amount can be suppressed (i.e., the half -life period of ozone 
can be extended) so as to enhance a cleaning capability and a cleaning 
efficiency on the semiconductor substrates, a production method of the 
same ozone water and a cleaning method of semiconductor substrates using 
the scune. 

Another object of the present invention is to provide a production 
method of an ozone water for use in cleaning semiconductor substrates , 
which allows a trace amount of organic solvent to be accurately added 
to water, and a cleaning method of the semiconductor substrates using 
the same. 



SUMMERY OF THE INVENTION 

A first invention provides an ozone water for use in cleaning 
semiconductor substrates , comprising water containing an amount of ozone , 
in which said water has been added with an organic solvent containing 
an amount of organic carbon capable of suppressing a reduction of the 
half -life period of ozone. 

As for the semiconductor substrate to be cleaned, for example, 
a silicon wafer and a gallium arsenide wafer may be employed. The 
semiconductor substrate may be a single substrate or a bonded substrate 
comprising two pieces of semiconductor substrates that have been bonded 
in one on the other. It is to be noted that the semiconductor substrate 
implies a semiconductor substrate that is mounted with semiconductor 
devices (e.g., LSI, VLSI and ULSI). 

As for the water containing the ozone, for example, a pure water 
and an ultra-pure water may be employed. 

As for the organic solvent , such an organic solvent may be preferable 
that is highly dissolvable into the water, readily available as an 
inexpensive and highly-purified organic solvent product (with the 
metallic impurities concentration not greater than O.Sppb) and 
especially has a profound effect on extending the half -life period of 
ozone. Specifically, the preferable organic solvent may include 
alcohol, especially, ethanol and isopropyl alcohol. 

The amount of the organic solvent to be added is not limited. 
However, preferably, an addition amount sufficient to exhibit the 
cleaning effect on the semiconductor substrate should be used, for 
example, some /Xg/ liter. This is because a large amount of organic 
solvent added could allow an amount of organic carbon to remain on a 
surface of the semiconductor substrate after cleaning, leaning to the 
deteriorated characteristics of the substrate. Further, there is a 



fear of an inverse effect to shorten the half -life period of ozone from 
the fact that the ozone should be consumed to decompose any excessive 
organic carbon added. 

A detailed mechanism of the organic carbon acting to suppress the 
autolysis of the ozone has not been made clear. However, it is apparent 
from the test data on Table 1, for example, that the addition of the 
organic solvent containing an amount of organic carbon can somehow help 
increase the total organic carbon amount in the ozone water that has 
been once reduced. It is considered from the above reason that the 
addition of the organic solvent should be quite effective to extend 
the half -life period of ozone of the ozone water whose total organic 
carbon amount has been reduced. 

A second invention provides an ozone water for use in cleaning 
semiconductor substrates in accordance with the first invention, in 
which the amount of said organic solvent to be added is in a range of 
0.1/xg/liter to O.lg/liter. 

The amount of added organic solvent smaller than 0 . 1 g/liter could 
not satisfactorily suppress the reduction of the half-life period of 
ozone . In contrast , if the amount of the organic solvent to be added 
is over O.lg/liter, the carbon contents could remain on the surface 
of the semiconductor substrate, and those remaining carbon contents 
could deteriorate the characteristics of the substrate (e.g., the 
electrical characteristics) and/or inversely consume the ozone to thus 
shorten the half -life period of ozone. A specifically preferred 
addition amount of organic solvent is in a range of 5 M g/liter to Img/liter . 
With the addition amount within this range, the dissolved ozone 
concentration is not reduced substantially and advantageously no organic 
carbon remains on the surface of the semiconductor substrate, thus 
providing no fear of the deteriorated characteristics thereof after 
cleaning . 



A third invention provides an ozone water for use in cleaning 
semiconductor substrates in accordance with the first or the second 
invention , in which said organic solvent is ethanol or isopropyl alcohol . 

A fourth invention provides an ozone water for use in cleaning 
semiconductor substrates in accordance with the first or the second 
invention, in which said water is an ultra-pure water. 

The ultra-pure water referred herein implies the water having the 
metallic impurities concentration not greater than O.Sppb. The total 
organic carbon amount in the ultra-pure water is no higher than 5.0 
X 10^^ atoms/cm^. 

A fifth invention provides an ozone water for use in cleaning 
semiconductor substrates in accordance with the third invention, in 
which said water is an ultra-pure water. 

A sixth invention provides a production method of an ozone water 
for use in cleaning semiconductor substrates , comprising : an ozone water 
production step for dissolving an ozone gas in water to produce an ozone 
water; and a solvent adding step for adding an organic solvent containing 
an cimount of organic carbon capable of suppressing the reduction of 
the half -life period of ozone to said water. 

As for the semiconductor substrate to be cleaned, for example, 
a silicon wafer and a gallium arsenide wafer may be employed. The 
semiconductor substrate may be a single substrate or a bonded substrate 
comprising two pieces of semiconductor substrates that have been bonded 
in one on the other. 

As for the water containing the ozone, for example, a pure water 
and an ultra-pure water may be employed. 

As for the organic solvent , such an organic solvent may be preferable 
that is highly dissolvable into the water, readily available as an 
inexpensive and highly- purified organic solvent product (with the 
metallic impurities concentration not greater than O.Sppb) and 



especially has a profound effect on extending the half -life period of 
ozone. Specifically, the preferable organic solvent may include 
alcohol, especially, ethanol and isopropyl alcohol. 

The amount of the organic solvent to be added is not limited. 
However, preferably, an addition amount sufficient to exhibit the 
cleaning effect on the semiconductor substrate and most preferably, 
a minimum amount thereof should be used. This is because a large amount 
of organic solvent added could allow an amount of organic carbon to 
remain on a surface of the semiconductor substrate after cleaning, 
leaning to the deteriorated characteristics of the substrate . Further , 
there is a fear of an inverse effect to shorten the half -life period 
of ozone from the fact that the ozone should be consiimed to decompose 
any excessive organic carbon added. 

The method used to generate the ozone gas may not be limited. The 
method may employ, for example, the silent discharge process in which 
ozone is generated from oxygen gas or the electrolytic process in which 
water is electrolyzed to generate ozone. The above description about 
the fact that the ultra-pure water processed with the ultraviolet ray 
irradiation, if used, induces the reduced half -life period of ozone 
may also apply to either of the generation methods . 

The method of adding the organic solvent to the water may not be 
limited. However, in order to avoid the deterioration in 
characteristics of the semiconductor substrate resultant from a large 
addition amount of organic solvent , such a method should not be applied 
that employs a commonly used weighing preparation method for adding 
the organic solvent. Therefore, preferably the addition method using 
a porous polymer membrane having water repellency may be used. 

According to the sixth invention, the addition of the organic 
solvent to the water allows the ozone water whose total organic carbon 
amount having been increased to be obtained. That is , .there is an amount 
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of organic carbon in the organic solvent , and adding the amount of organic 
carbon to the water can increase the total organic carbon amount in 
the ozone water . Consequently , with the aid of the added organic solvent , 
even the ozone water whose total organic carbon amount having been reduced 
still can extend the half -life period of ozone. 

A seventh invention provides a production method of an ozone water 
for use in cleaning semiconductor substrates in accordance with the 
sixth invention, in which the amount of said organic solvent to be added 
is in a range of O.lMg/liter to O.lg/liter. 

The amount of added orgcinic solvent smaller than 0 . 1 M g/ liter could 
not satisfactorily suppress the reduction of the half -life period of 
ozone. In contrast, if the amount of the organic solvent to be added 
is over O.lg/liter, the ceirbon contents could remain on the surface 
of the semiconductor substrate, and those remaining carbon contents 
could deteriorate the characteristics of the substrate and/or inversely 
consume the ozone to thus shorten the half -life period of ozone. A 
specifically preferred addition amount of organic solvent is in a range 
of 5 /ig/liter to Img/liter . With the addition amount within this range , 
the dissolved ozone concentration is not reduced substantially and 
advantageously no organic Ccurbon remains on the surface of the 
semiconductor substrate, thus providing no fear of the deteriorated 
characteristics thereof after cleaning. 

An eighth invention provides a production method of an ozone water 
for use in cleaning semiconductor substrates in accordance with the 
sixth or the seventh invention, in which said organic solvent is ethanol 
or isopropyl alcohol. 

A ninth invention provides a production method of an ozone water 
for use in cleaning semiconductor substrates in accordance with the 
sixth or the seventh invention, in which said water is an ultra-pure 
water . 



The ultra-pure water referred herein implies the water having the 
metallic impurities concentration not greater than 0 . 5ppb . The total 
organic carbon amount in the ultra-pure water is no higher than 5.0 
X 10^^ atoms /cm^. 

A tenth invention provides a production method of an ozone water 
for use in cleaning semiconductor substrates in accordance with the 
eighth invention, in which said water is an ultra-pure water. 

An eleventh invention provides a production method of an ozone 
water for use in cleaning semiconductor substrates in accordance with 
either of the sixth, the seventh or the tenth invention, in which said 
ozone is obtained by the silent discharge process in which ozone is 
generated from an oxygen gas or by the electrolytic process in which 
water is electrolyzed to generate ozone. 

According to the eleventh invention , if the silent discharge process 
is employed, for example, the ozone generated from the oxygen gas is 
dissolved in the water. The water may be such water that has been 
previously added with the organic solvent. 

Further, if the electrolytic process is employed, the water is 
electrolyzed to thereby generate the ozone . In this case , the ultra-pure 
water can be utilized not only as a solvent medium but also as a source 
material of the ozone gas . Owing to this , if the ultra-pure water that 
is to be electrolyzed is previously added with the organic solvent, 
then the reduction of the half -life period of ozone for the ozone gas 
could be suppressed effectively from the time of generation of the ozone . 

A twelfth invention provides a production method of an ozone water 
for use in cleaning semiconductor substrates in accordance with the 
eight invention, in which said ozone is obtained by the silent discharge 
process in which ozone is generated from an oxygen gas or by the 
electrolytic process in which water is electrolyzed to generate ozone. 

A thirteenth invention provides a production method of an ozone 
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water for use in cleaning semiconductor substrates in accordance with 
the ninth invention, in which said ozone is obtained by the silent 
discharge process in which ozone is generated from an oxygen gas or 
by the electrolytic process in which water is electrolyzed to generate 
ozone . 

A fourteenth invention provides a production method of an ozone 
water for use in cleaning semiconductor substrates in accordance with 
either of the sixth, the seventh, the tenth, the twelfth or the thirteenth 
invention, in which said adding step for adding said organic solvent 
to the water is performed through a porous polymer membrane having water 
repellency . 

The porous polymer membrane generally refers to a membrane made 
of synthetic resin that allows a gas to pass therethrough but not a 
liquid. Accordingly, if the ultra-pure water and the organic solvent 
are separated from each other by the porous polymer membrane placed 
therebetween, the organic solvent can be added to the ultra-pure water 
by an extremely trace eimount at a time through the porous polymer membrane . 
Specifically, the organic solvent is disposed in a primary side of the 
porous polymer membrane and the ultra-pure water is supplied to a 
secondary side of the membrane, respectively. This arrangement allows 
the organic solvent in the primary side to infiltrate into the ultra-pure 
water in the secondary side through the porous polymer membrane. 

Preferably, the material of the porous polymer membrane may be 
a fluorinated synthetic resin from the consideration of corrosion 
resistance, weather resistance cind a risk of elution of impurities from 
the filter in itself. Specifically, such a porous polymer membreme 
may be employed, which is made of membrane material of poly- 
tetraf luoroethylene resin (PTFE) reinforced with a net made of 
tetraf luoroethylene-perf luoroalkylvinyl ether copolymer resin (FFA) . 

A fifteenth invention provides a production method of an ozone 
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water for use in cleaning semiconductor substrates in accordance witti 
the eighth invention, in which said adding step for adding said organic 
solvent to the water is performed through a porous polymer membrane 
having water repellency. 

A sixteenth invention provides a production method of an ozone 
water for use in cleaning semiconductor substrates in accordance with 
the ninth invention, in which said adding step for adding said organic 
solvent to the water is performed through a porous polymer membrane 
having water repellency. 

A seventeenth invention provides a production method of an ozone 
water for use in cleaning semiconductor substrates in accordance with 
the eleventh invention, in which said adding step for adding said organic 
solvent to the water is performed through a porous polymer membrane 
having water repellency. 

An eighteenth invention provides a cleaning method of semiconductor 
substrates comprising: an ozone water production step for dissolving 
an ozone gas in water to produce an ozone water; a solvent adding step 
for adding an organic solvent containing an amount of organic carbon 
capable of suppressing the reduction of the half -life period of ozone 
to said water ; and a cleaning step for cleaning a semiconductor substrate 
with said ozone water added with said organic solvent. 

As for the semiconductor substrate to be cleaned, for example, 
a silicon wafer and a gallium arsenide wafer may be employed. The 
semiconductor substrate may be a single substrate or a bonded substrate 
comprising two pieces of semiconductor substrates that have been bonded 
in one on the other. 

As for the water containing the ozone, for example, a pure water 
and an ultra-pure water may be employed. 

As for the organic solvent , such an organic solvent may be preferable 
that is highly dissolvable into the water, readily available as an 
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inexpensive and highly- purified organic solvent product (with the 
metallic impurities concentration not greater than O.Sppb) and 
especially has a profound effect on extending the half -life period of 
ozone. Specifically, the preferable organic solvent may include 
alcohol, especially, ethanol and isopropyl alcohol. 

The amount of the organic solvent to be added is not limited. 
However, preferably, an addition amount sufficient to exhibit the 
cleaning effect on the semiconductor substrate and most preferably, 
a minimum amount thereof should be used. This is because a large amount 
of organic solvent added could allow an amount of organic carbon to 
remain on a surface of the semiconductor substrate after cleaning, 
leaning to the deteriorated characteristics of the substrate • Further, 
there is a fear of an inverse effect to shorten the half -life period 
of ozone from the fact that the ozone should be consumed to decompose 
any excessive organic carbon added. 

The method used to generate the ozone gas may not be limited . The 
method may employ, for example, the silent discharge process in which 
ozone is generated from oxygen gas or the electrolytic process in which 
water is electrolyzed to generate ozone. The above description about 
the fact that the ultra-pure water processed with the ultraviolet ray 
irradiation, if used, induces the reduced half -life period of ozone 
may also apply to either of the generation methods. 

The method of adding the organic solvent to the water may not be 
limited. However, in order to avoid the deterioration in 
characteristics of the semiconductor substrate resultant from a large 
addition amount of organic solvent , such a method should not be applied 
that employs a commonly used weighing preparation method for adding 
the organic solvent. Therefore, preferably the addition method using 
a porous polymer membrane having water repellency may be used. 

As for the deeming method, a dipping method may be employed in 
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which the produced cleaning fluid containing the ozone is stored in 
a cleaning bath and one or more pieces of the semiconductor substrates 
may be dipped into the cleaning fluid in the cleaning bath. Then, owing 
to a strong oxidizing power of the ozone, organic matters and metallic 
impurities are decomposed and removed from the semiconductor substrates . 
Further, the ozone concentration in the cleaning fluid can be maintained 
at a high level until the cleaning fluid finally reaches the cleaning 
bath. This can help reduce a required cleaning time as compared to 
the prior art method. 

In an alternative cleaning method, for example, a spin cleaning 
may be employed. In the spin cleaning method, the semiconductor 
substrate is rotated, as it is placed on a table or held in a holding 
jig, while the cleaning fluid containing the ozone being injected over 
the semiconductor substrate. If this method is employed, the 
semiconductor substrate can be cleaned satisfactorily in a short time. 

In this invention, preferably, the length of a ozone water supply 
path defined from an ozone gas production unit to an ozone dissolving 
unit for dissolving the ozone gas in the water and also the length of 
another ozone water supply path defined from the ozone dissolving unit 
to a cleaning unit of the semiconductor substrate may be constructed 
and set such that they could be as short as possible. This may further 
enhance the cleaning capability as well as the cleaning efficiency on 
the semiconductor substrates, owing to its synergistic effect with the 
suppressing effect on the reduction of the half -life period of ozone 
in the cleaning fluid containing the ozone. 

According to the eighteenth invention, the addition of the organic 
solvent to the water allows the ozone water whose total organic carbon 
amount having been increased to be obtained. That is, since there is 
an amount of organic carbon contained in the organic solvent, adding 
a certain amount of organic solvent to the water can increase the total 
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organic carbon amount in the ozone water. Consequently, with the aid 
of the added organic solvent, even the ozone water whose total organic 
carbon amount has been once reduced still can extend the half -life period 
of ozone. Thus obtained ozone water is used for the cleaning fluid 
and it serves as the ozone contained cleaning fluid to clean the 
semiconductor substrates . This ozone contained cleaning fluid provides 
an excellent cleaning capability in cleaning of the semiconductor 
substrates . 

A nineteenth invention provides a cleaning method of semiconductor 
substrates in accordance with the eighteenth invention, in which the 
amount of said organic solvent to be added is in a range of 0. 1/Xg/liter 
to O.lg/liter. 

The amount of added organic solvent smaller than 0 . 1 At g/ liter could 
not satisfactorily suppress the reduction of the half -life period of 
ozone. In contrast, if the amount of the organic solvent to be added 
is over O.lg/liter, the carbon contents could remain on the surface 
of the semiconductor substrate, and those remaining carbon contents 
could deteriorate the characteristics of the substrate and/or inversely 
consume the ozone to thus shorten the half -life period of ozone. A 
specifically preferred addition amount of organic solvent is in a range 
of 5 M g/liter to Img/ liter . With the addition amount within this range , 
the dissolved ozone concentration is not reduced substantially and 
advantageously no organic carbon remains on the surface of the 
semiconductor substrate, thus providing no fear of the deteriorated 
characteristics thereof after cleaning. 

A twentieth invention provides a cleaning method of semiconductor 
substrates in accordance with the eighteenth or the nineteenth invention , 
in which said organic solvent is ethanol or isopropyl alcohol. 

A twenty- first invention provides a cleaning method of 
semiconductor substrates in accordance with the eighteenth or the 
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nineteenth invention, in which said water is an ultra-pure water. 

The ultra-pure water referred herein implies the water having the 
metallic impurities concentration not greater than O.Sppb. The total 
organic carbon amount of the ultra-pure water is no higher than 5.0 
X 10^^ atoms /cm^. 

A twenty- second invention provides a cleaning method of 
semiconductor substrates in accordance with the twentieth invention, 
in which said water is an ultra-pure water. 

A twenty- third invention provides a cleaning method of 
semiconductor substrates in accordance with either of the eighteenth, 
the nineteenth or the twenty- second invention, in which said ozone is 
obtained by the silent discharge process in which ozone is generated 
from an oxygen gas or by the electrolytic process in which water is 
electrolyzed to generate ozone. 

According to the twenty- third invention, if the silent discharge 
process is employed, for example, the ozone generated from the oxygen 
gas is dissolved in the water. The water may be such water that has 
been previously added with the organic solvent. 

Further, if the electrolytic process is employed, the water is 
electrolyzed to thereby generate the ozone . In this case , the ultra-pure 
water can be utilized not only as a solvent medium but also as a source 
material of the ozone gas. Owing to this, if the ultra-pure water that 
is to be electrolyzed is previously added with the organic solvent, 
then the reduction of the half -life period of ozone for the ozone gas 
could be suppressed effectively from the time of generation of the ozone . 

A twenty- fourth invention provides a cleaning method of 
semiconductor substrates in accordance with the twentieth invention, 
in which said ozone is obtained by the silent discharge process in which 
ozone is generated from an oxygen gas or by the electrolytic process 
in which water is electrolyzed to generate ozone. 
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A twenty-fifth invention provides a cleaning method of 
semiconductor substrates in accordance with the twenty- first invention , 
in which said ozone is obtained by the silent discharge process in which 
ozone is generated from an oxygen gas or by the electrolytic process 
in which water is electrolyzed to generate ozone. 

A twenty- sixth invention provides a cleaning method of 
semiconductor substrates in accordance with either of the eighteenth, 
the nineteenth, the twenty- second, the twenty- fourth or the twenty-f if th 
invention, in which said adding step for adding said organic solvent 
to the water is performed through a porous polymer membrane having water 
repellency . 

The porous polymer membrane generally refers to a membrane made 
of synthetic resin that allows a gas to pass therethrough but not a 
liquid. Accordingly, if the ultra-pure water and the organic solvent 
are separated from each other by the porous polymer membrane placed 
therebetween, the organic solvent can be added to the ultra-pure water 
by an extremely trace amount at a time through the porous polymer membrane . 
Specifically, the organic solvent is disposed in a primary side of the 
porous polymer membrane and the ultra-pure water is supplied to a 
secondary side of the membrane, respectively. This arrangement allows 
the orgeinic solvent in the primary side to infiltrate into the ultra-pure 
water in the secondary side through the porous polymer membrane. 

Preferably, the material of the porous polymer membrane may be 
a fluorinated synthetic resin from the consideration of corrosion 
resistance, weather resistance and a risk of elution of impurities from 
the filter in itself. Specifically, such a porous polymer membrane 
may be employed, which is made of membrane material of poly- 
tetrafluoro ethylene resin (PTFE) reinforced with a net made of 
tetraf luoroethylene-perf luoroalkylvinyl ether copolymer resin (PFA) . 

A twenty- seventh invention provides a deeming method of 
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semiconductor substrates in accordance with the twentieth invention, 
in which said adding step for adding said organic solvent to the water 
is performed through a porous polymer membrcine having water repellency . 

A twenty- eighth invention provides a cleaning method of 
semiconductor substrates in accordance with the twenty-first invention , 
in which said adding step for adding said organic solvent to the water 
is performed through a porous polymer membrane having water repellency. 

A twenty-ninth invention provides a cleaning method of 
semiconductor substrates in accordance with the twenty- third invention , 
in which said adding step for adding said organic solvent to the water 
is performed through a porous polymer membrane having water repellency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a semiconductor substrate cleaning 
apparatus according to a first embodiment of the present invention; 

Fig . 2 is a longitudinal sectional view of an ozone gas production 
unit employed in the semiconductor substrate cleaning apparatus 
according to the first embodiment of the present invention; 

Fig . 3 is a perspective view of an ozone gas production unit employed 
in the semiconductor substrate cleaning apparatus according to the first 
embodiment of the present invention; 

Fig. 4 is a perspective view of hollow fiber module incorporated 
in the ozone production unit of Fig. 3; 

Fig. 5 is a perspective view of aspinning-typesinglewafer cleaning 
unit employed in a semiconductor substrate deeming apparatus according 
to a second embodiment of the present invention, illustrating its 
operating condition; 

Fig. 6 is a longitudinal sectional view of an ozone gas production 
unit employed in a semiconductor substrate cleaning appeuratus according 
to a third embodiment of the present invention; and 
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Fig. 7 is a sectional view taken along the S7-S7 line of Fig. 6. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments Of the present invent ion will now be described 
in detail with reference to the attached drawings. It is to be noted 
that the present invention is not limited to those embodiments. 
Referring now to Figs . 1 to 4 , a first embodiment of the present invention 
will be described. 

In Fig. 1, reference numeral 10 generally designates a semiconductor 
substrate cleaning apparatus according to a first embodiment of the 
present invention, which comprises a solvent tank 11 for storing an 
organic solvent "b" containing em amount of organic carbon, a solvent 
adding unit 12 for adding the organic solvent "b" to an ultra-pure water 
"a", an ozone gas production unit 13 for generating an ozone gas "d" 
from the ultra-pure water, an ozone water production unit 14 for 
dissolving the ozone gas "d" in the solvent added ultra-pure water "c" 
that has been added with the organic solvent "b" to thereby generate 
an ultra-pure ozone water (i.e., an ozone water for use in cleaning 
semiconductor substrates) "e" , and a cleaning bath 15 for cleaning the 
semiconductor substrate with the ultra-pure ozone water "e" . 

Respective components of the semiconductor substrate cleaning 
apparatus 10 will now be described in detail. 

The organic solvent "b" containing an amount of organic carbon 
is stored in the solvent tank 11. The organic solvent "b" used herein 
is isopropyl alcohol having the metallic impurities concentration not 
greater than O.Sppb. Instead of the isopropyl alcohol, ethcuiol may 
be employed. The organic solvent "b" has been previously mixed and 
thus diluted with the ultra-pure water "a" . This previous preparation 
has been done because the isopropyl alcohol in stock solution has the 
concentration that is too high to be used in adding the organic solvent 

19 



"b" by as trace amount as some Mg/liter to the ultra-pure water. The 
ultra- pure water "a" has been irradiated with an ultraviolet ray and 
its total organic carbon amount has been reduced as low as 5.0 x lo" 
atoms/cm^. 

The ultra-pure water "a" is supplied to the ozone water production 
unit 14 through an ultra-pure water supply line 16. To the middle 
portions of the ultra-pure water supply line 16 is connected a bypass 
pipe 18 which in turn passes through the solvent adding unit 12. That 
is, a portion of the ultra-pure water "a" flowing through the ultra-pure 
water supply line 16 may be supplied to the solvent adding unit 12. 

The solvent adding unit 12 comprises an enclosed cell 19 and a 
porous polymer membrane filter 20 having an enclosed vessel shape fitted 
in the cell 19 with a space placed therebetween. The porous polymer 
membrane filter 20 comprises a water repellent membrane material made 
of polytetraf luoroethylene resin (PTFE) which has been reinforced with 
a net made of tetraf luoroethylene -perfluoroalkylvinyl ether copolymer 
resin (PFA) . The space between the cell 19 and the porous polymer 
membrane filter 20 defines a primary chamber 12a of the solvent adding 
unit 12. The primary chamber 12a is supplied with the organic solvent 
"b" stored in the solvent tank 11. On the other hand, an inner space 
within the porous polymer membrane filter 20 defines a secondary chamber 
12b of the solvent adding unit 12 . The secondary chamber 12b is supplied 
with the ultra-pure water "a" from an external source. 

One end of an outer shell of the cell 19 and the solvent tank 11 
are connected by a solvent supply pipe 21 so as to make a communication 
therebetween. Further, the other end of the outer shell of the cell 
19 and the solvent tank 11 are connected by a solvent discharge pipe 
22 so as to make a communication therebetween. A pump 23 is disposed 
in an intermediate location of the solvent supply pipe 21 . In operation , 
the pump 23 supplies the organic solvent "b" from the solvent tank 11 
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into the primary chamber 12a stably and intermittently, and then through 
the solvent discharge pipe 22 back to the solvent tank 11. During this 
cycle, in the primary cheunber 12a, a portion of the organic solvent 
"b" passes through the porous polymer membrane filter 20 to be added 
to the ultra-pure water "a" in the secondary chamber 12b. If the 
isopropyl alcohol in stock solution is used, a permeation amount (added 
amount ) of the organic solvent "b" is some hundred H g/liter . If a smaller 
amount as minute as some M g/liter of isopropyl alcohol is to be added, 
the isopropyl alcohol may be diluted in advance in an alcohol diluting 
bath. 

The ozone gas production unit 13 will now be described in detail 
with reference to Fig. 2. 

As shown in Fig . 2 , the ozone gas production unit 13 is an electrolytic 
ozone gas production unit and comprises an electrolytic bath 24 . The 
electrolytic bath 24 is made of Teflon ( trademark of Dupont ) and defines 
an enclosed bath having a horizontally elongated rectangular shape in 
section. The electrolytic bath 24 has a pair of side walls 35, 35, 
a top wall 39 and a bottom wall 40. 

An ion exchange membrane 25 is disposed in a central location of 
the electrolytic bath 24, which partitions an interior space of the 
electrolytic bath 24 into a cathode chamber 29 and an anode chamber 
30. The ion exchange membrane 25 is a cation exchange membrane. A 
porous anode electrode 26 made of titanium carrying a lead-oxide catalyst 
thereon emd having vapor -liquid permeability covering across the 
membrane adheres to the ion exchange membrane 25 in the anode chamber 
30 side . Further , a cathode electrode 27 made of carbon carrying platinum 
thereon, which has a diameter in a range of 10 Mm to 20 Mm and a thickness 
of 100 Mm, adheres to the ion exchange membrane 25 in the cathode chamber 
29 side. 

The cathode electrode 27 is connected with a collector made of 
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zirconium, though not shown. 

Further, the cathode chamber 29 and the anode chamber 30 are in 
communication with flow pipes 31, 31, respectively. Respective flow 
pipes 31 supply the ultra-pure water to the cathode chamber 29 and the 
anode chamber 30, respectively. Instead of the ultra-pure water, the 
above-mentioned solvent added ultra-pure water "c" may be employed. 
This would enhance the suppressing effect on the reduction of the 
half -life period of ozone in the ultra-pure ozone water "e" . 

Power supply is connected to the cathode electrode 27 and the 
anode electrode 26 respectively to thus allow the current to flow through 
the ultra-pure water. The anode chamber 30 is communicated with an 
ozone gas exhaust pipe 32 to deliver the ozone gas (O3 gas) "d" generated 
by the anode electrode 26 to the ozone water production unit 14 . Further , 
the cathode chamber 29 is communicated with a hydrogen gas exhaust pipe 
33 to exhaust a hydrogen gas (H2 gas) generated by the cathode electrode 
27. 

The opposite side walls 35, 35 of the electrolytic bath 24 are 
pressed at their both ends by a predetermined bias force against both 
ends of the top and bottom walls 39 , 40 , respectively, with seal members 
41... made of rubber placed therebetween. This pressing force is exerted 
by each of a pair of pressing plates 42, 42 abutting on cin exterior 
surface of the each side wall 35. A pair of rods 36 protrude from the 
exterior surface in both ends of each of the pressing plates 42, 42. 
Each of the rods 36... extends through a through hole with play, which 
is formed in a corresponding guide member 38. Each of the rods 36... 
is equipped with a coil spring 37 on its outer side between the guide 
members 38 and the side wall 35. 

A bias force from each spring 37 presses the pressing plate 42 
against each side wall 35 by the predetermined bias force. If any 
excessive amount of ultra-pure water is supplied to the cathode chamber 
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29 and the anode chamber 30, both side walls 35, 35 are moved outward 
against the spring forces from respective coll springs 37..., thereby 
to allow the excessive pure-water to run out through the space between 
both ends of both side walls 35, 35 and the seal members 41.... This 
can prevent the Ion exchange membrane 25 from being damaged by the 
excessive amount of pure-water. 

Then the ozone water production unit 14 will now be described with 
reference to Figs - 3 and 4 . 

As shown In Fig. 3, the ozone water production unit 14 has a 
cylindrical configuration and includes a plurality of hollow fiber 
modules 51 with respective axial lines spaced in parallel from each 
other. The hollow fiber module 51 has an elongated hollow body made 
of tetraf luoroethylene resin having a diameter in a range of 0.001mm 
to 0.01mm and a length not shorter than 1000mm, as shown in Fig. 4. 
This configuration of the hollow fiber modules 51 each being made of 
tetraf luoroethylene resin allows a portion of the ozone gas "d" flowing 
externally to permeate into its tubular body. Owing to this, when the 
solvent added ultra- pure water "c" is introduced through the hollow 
fiber module 51 with the outside region of the hollow fiber module 51 
filled with an atmosphere of the ozone gas "d" , then the solvent added 
ultra-pure water "c" flowing through the hollow fiber module 51 turns 
to form the ultra-pure ozone water "e" containing the ozone gas "d" 
that has been dissolved therein. 

Then, thus obtained ultra -pure ozone water "e" is delivered through 
an ozone water supply pipe 52 with the aid of a feed force from a supply 
source and supplied from a discharge nozzle 54 disposed in the bottom 
of the cleaning bath 15 into the cleaning bath 15. 

The description will be now directed to an ozone cleaning method 
of semiconductor substrate using the semiconductor substrate cleaning 
apparatus 10 of the first embodiment. 
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The ultra-pure water "a" is supplied from the ultra-pure water 
supply line 16 to the ozone water production unit 14 at a flow rate 
of 10 liter /min. However, a portion thereof flows into the bypass pipe 
18 at a flow rate of 1-2 liter /min and is supplied to the secondary 
chamber 12b of the solvent adding unit 12 . On the other hand, the primary 
chamber 12a of the solvent adding unit 12 is supplied with a portion 
of the organic solvent "b" from the solvent tank 11 at a flow rate of 
about 5 liter /min by the operation of the pump 23 . With this condition, 
in the solvent adding unit 12, a portion of the organic solvent "b" 
in the primary chamber 12a can permeate through the porous polymer 
membrane filter 20 into the secondary chamber 12b . Thus , a trace amount 
of organic solvent "b" is added to the ultra-pure water "a" to form 
the solvent added ultra-pure water "c" . The amount of the organic solvent 
"b" to be added is approximately some hundred /Xg/liter. 

After that, the solvent added ultra-pure water "c" that has been 
added with the organic solvent "b" is returned from the bypass pipe 
18 to the ultra-pure water supply line 16 in its downstream section 
and then supplied to the ozone water production unit 14. 

On the other hand, the ozone water production unit 14 is supplied 
with the ozone gas "d" that has been generated by the ozone gas production 
unit 13, at a flow rate of about 50g/hr. In the ozone gas production 
unit 13, the hydrogen gas generated by the cathode electrode 27 is once 
stored in the cathode chamber 29 and then exhausted to the outside via 
the hydrogen gas exhaust pipe 33. Further, the ozone gas "d" that has 
been generated by the anode electrode 26 is once stored in the anode 
chamber 30 and then introduced into the ozone water production unit 
14 via the ozone gas exhaust pipe 32. 

The solvent added ultra-pure water "c" that is introduced into 
the ozone water production unit 14 is forwarded through the interior 
of the plurality of hollow fiber modules 51, while providing the 
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atmosphere of ozone gas "d" for the outside of the respective hollow 
fiber modules 51, thereby allowing the solvent added ultra-pure water 
"c" flowing through the hollow fiber modules 51 to be formed into the 
ultra-pure ozone water "e" containing the ozone gas "d" that has been 
dissolved therein . 

Then, thus obtained ultra-pure ozone water "e" flows from the ozone 
water production unit 14 through the ozone water supply pipe 52 and 
through the discharge nozzle 54 disposed in the bottom of the cleaning 
bath 15 into the cleaning bath 15 with the aid of a feed force from 
the supply source. In this flow, the semiconductor substrate that has 
been dipped in the cleaning bath 15 can be cleaned with the ultra -pure 
ozone water "e". 

Thus, even in the ultra-pure ozone water "e" whose total organic 
carbon amount has been once reduced extremely, the reduction of the 
half -life period of ozone can be suppressed by adding the organic solvent 
"b" composed of highly purified isopropyl alcohol to the ultra -pure 
ozone water "e" . It is believed that the reason for this is because 
although the most part of organic carbon capable of suppressing the 
autolysis of ozone has been decomposed during the production process 
of the ultra-pure water "a" by the ultraviolet ray irradiated to the 
ultra-pure water "a" , it can be supplemented with the organic solvent 
"b" which is added in the solvent adding unit 12. 

Accordingly, it is ensured that the ultra-pure ozone water "e" 
containing the highly concentrated ozone is supplied into the cleaning 
bath 15. This, with the aid of the strong oxidizing effect from the 
ozone , may help enhance the cleaning capability as well as the cleaning 
efficiency on the organic impurities and the metallic impurities adhering 
to the semiconductor substrates. 

Further , since the present invention has employed the adding method 
using the porous polymer membrane filter 20 having water repellency 
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as the adding method of the organic solvent "b" to the ultra-pure water 
"a" , a trace amount of organic solvent "b" can be accurately added into 
the ultra-pure water "a". That is, the present invention can solve 
the possible problem of contamination of the ultra-pure water "e" with 
the organic carbon, which could be otherwise induced by the excessive 
addition of the organic solvent "b" . Further advantageously, the 
present invention can solve the problem of the excessive amount of organic 
carbon that would adhere to the surface of the semiconductor substrate 
and thereby deteriorates the substrate characteristics of the 
semiconductor substrate . Still further, it can eliminate an occurrence 
of an inverse effect from the excessive supply of the organic carbon 
to the ozone water production unit 14 (e.g. , the deterioration in the 
electrode due to the impurities that has been get mixed therein) . Yet 
further, the fact that the organic solvent "b" is to be added by an 
extremely trace amount can eliminate the need for an explosion -proof 
apparatus specified under the Fire Service Law of Japan to be installed. 

Herein, in an actual practice, isopropyl alcohol (having the 
metallic impurities concentration not greater than O.Sppb) is used as 
the organic solvent "b", and the addition amount thereof is adjusted 
to make the resulteint concentration meet a target value. A report is 
made on the results of measurements of (A) the dissolved ozone 
concentration in the ultra-pure ozone water "e" immediate after its 
generation by the ozone water production unit 14 during the above process 
and (B) the dissolved ozone concentration in the ultra-pure ozone water 
"e" at the cleaning bath 15, respectively, with an added amount of the 
organic solvent "b" taken as a parameter. Theultraviolet ray absorption 
method was employed for measuring the ozone concentration. Further, 
the total organic carbon amount on the surface of the semiconductor 
substrate at the time of the measurement was measured in accordance 
with the substrate temperature rise desorption mass spectrometry. The 
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results on the above measurements are Indicated In Table 1. 



Table 1 



Organic solvent 


Dissolved ozone concentration 
(mg/l) 


Residual carbon component/ 
Deterioration in Substrate 
characteristics 


{A)Ozone water 
production unit 


( B ) Cleaning 
bath 


Nil 


24.1 


3.5 


Nil 


Add. by 0 . 1 g/1 


24 . 6 


7 . 5 


Nil 


Add. by lug/1 


23.2 


13-7 


Nil 


Add. by S/Xg/l 


25.7 


18.4 


Nil 


Add. by lOOMg/1 


24.0 


20. 2 


Nil 


Add. by lmg/1 


23.8 


21.6 


Nil 


Add. by lOmg/1 


24.8 


22. 1 


With residual carbon 
component 


Add. by lOOmg/1 


23.5 


22.8 


With increment of residual 
carbon component 


Add. by lg/1 


22.9 


22.3 


Deteriorated substrate 
characteristics observed 



As apparent from Table 1 , it has been found that when the organic 
solvent "b" is added by an extremely trace amount of 0. l/Xg/liter, the 
half -life period of dissolved ozone is extend to some degree as compared 
to the case without any addition of the organic solvent. Further, as 
the addition amount of the organic solvent is increased to 5Mg/liter, 
100 U g/liter and finally Img/liter, (B) the dissolved ozone 
concentration in the ultra-pure ozone water "e" at the cleaning bath 
15 increases and reaches to a level where it is almost the same as (A) 
the dissolved ozone concentration of the ultra-pure ozone water "e" 
immediate after its generation by the ozone water production unit 14 . 
This indicates that the dissolved ozone concentration is maintained 
without great reduction. 

However, when the addition amount is increased up to lOmg/liter, 
the organic carbon (carbon component) starts to remain on the surface 
of the semiconductor substrate, which is considered resultant from the 
organic solvent "b" . Further, with the addition amount of lOOmg/liter , 
the residual carbon amount was increased greater as compared to the 
case of the addition amount of lOmg/liter, but the substrate 
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characteristics of the semiconductor substrate was not deteriorated. 
However, the deterioration in the substrate characteristics possibly 
due to the residual organic solvent "b" was observed for the addition 
amount of Ig/liter. It has been found from the evaluation on the 
dissolved ozone concentration and the residual carbon amount that the 
addition amount of the organic solvent "b" to the ultra-pure water "a" 
in a range of 0.1//g/liter to lOOmg/liter should be preferred. It has 
been further found that most preferably, the addition amount of the 
organic solvent should be in a range of 5/xg/liter to Img/liter. 

Turning now to Fig . 5 , a semiconductor substrate cleaning apparatus 
according to a second embodiment of the present invention will be 
described. 

As shown in Fig. 5, the semiconductor substrate cleaning apparatus 
60 represents an example employing a spinning-type single wafer cleaning 
unit 61 substituting for the cleaning bath 15 in the first embodiment. 

The spinning- type singlewafer cleaning unit 61 comprises a retainer 
plate 62 for retaining a semiconductor substrate W by means of vacuum 
chuck , a rotary motor 64 for rotating the retainer plate 63 via a revolving 
shaft 63, and a pair of upper and lower injection nozzles 65, 65 for 
injecting the ultra-pure ozone water "e" obtained from the apparatus 
of the first embodiment. 

In the cleaning operation, firstly the semiconductor substrate 
W is vacuum -chucked on the retainer plate 62 and then rotated along 
with the retainer plate 62 at a revolving speed of SOOrpm by the rotary 
motor 64. During this rotation, the ultra-pure ozone water "e" is 
injected from the pair of upper and lower injection nozzles 65 , 65 toward 
central regions of the top and the back surfaces of the semiconductor 
substrate W at a flow rate of 1.0 liter /min. This allows both the top 
and the back surfaces of the semiconductor substrate W to be cleaned 
with the ultra-pure ozone water "e". 
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Since the rest parts of the configuration, operation and effect 
in this example are identical to those in the first embodiment, the 
further explanation should be herein omitted. 

Herein, the comparison was made between (A) the dissolved ozone 
concentration in the ultra-pure ozone water "e" immediate after its 
generation by the ozone water production unit 14 according to the first 
embodiment and (C) the dissolved ozone concentration in the ultra-pure 
ozone water "e" injected from the injection nozzles 65, 65, for the 
cases of with and without addition of the organic solvent "b" . It is 
to be noted that the addition amount of the organic solvent "b" was 
selected to be 50Mg/liter in this example. The same ultraviolet ray 
absorption method as that used in the first embodiment was employed 
to measure the ozone concentration. The test condition was as follows . 

In specific, a semiconductor substrate W which has been treated 
in advance with dilute hydrofluoric acid to have a hydrogen terminated 
silicon surface was used, and the wafer W was vacuum -chucked on the 
retainer plate 62. Then, the semiconductor substrate W together with 
the retainer plate 62 as one unit was spun at a revolving speed of SOOrpm. 
During this spinning, the ultra-pure ozone water "e" was supplied toward 
the central regions of the semiconductor substrate W from both upper 
and lower injection nozzles 65, 65 continuously only for about three 
seconds. At that time, a contact angle of the ultra-pure ozone water 
"e" on the surface of the semiconductor substrate W was measured. The 
contact angle is defined by an angle formed between a water drop and 
the substrate surface when the water drop (the ultra-pure ozone water 
"e" ) drops on the surface of the semiconductor substrate W. The surface 
of the semiconductor substrate W that has been treated to have a hydrogen 
tenninated silicon surface tends to repel water. Owing to this, it 
has a larger contact angle. In contrast to this, in the semiconductor 
substrate whose surface has been cleaned with the ultra-pure ozone water 
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"e" (i.e., ozone treatment), the oxidation on the substrate surface 
is stimulated and thus the contact angle becomes smaller. 

Table 2 indicates the dissolved ozone concentrations (A), (C) as 
well as the contact angles measured in the central region and the 
peripheral region of the semiconductor substrate W. 

As can be seen from Table 2, it is apparent that (C) the dissolved 
ozone concentration in the ultra-pure ozone water "e" injected from 
the injection nozzles 65, 65 is higher in the case with the organic 
solvent "b" added to the ultra-pure ozone water "e" than in the case 
with no organic solvent "b" added thereto, similarly to the first 
embodiment . 

Then a comparison was made on the contact angles of the ultra-pure 
ozone water "e" on the surface of the semiconductor substrate W. It 
has been found that there is substantially no difference between the 
ultra-pure ozone waters "e" with and without the addition of the organic 
solvent "b" in the central region of the semiconductor substrate subject 
to the direct application of the ultra-pure ozone water "e" injected 
from the injection nozzle 65, where the ozone oxidation has developed 
in either case. In contrast to this, it has been found that there is 
great difference in the periphery of the semiconductor substrate W, 
that is, the contact angle in the periphery was greater than that in 
the central region of the semiconductor substrate W in the case with 
no organic solvent "b" added to the ultra-pure ozone waters "e", which 
means an insufficient oxidation in the periphery. 

That is, it is thought that in the spinning cleaning with the 
ultra-pure ozone water containing no organic solvent according to the 
prior art, there is no sufficient amount of ozone remaining to allow 
the ozone oxidation to take effect up to the periphery of the semiconductor 
substrate, after the ultra-pure ozone water supplied to the central 
region of the semiconductor substrate having oxidized the central region 
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of the semiconductor substrate. There is a fear that if there is uneven 
oxidation occurring in the surface of such a semiconductor substrate, 
it could lead to particle contamination in the periphery of the 
semiconductor substrate, which has not been oxidized sufficiently. In 
contrast to this, it has been realized that in the spinning cleaning 
using the ultra-pure ozone water "e" containing the organic solvent 
"b" of the second embodiment , the dissolved ozone concentration is high, 
and so only the cleaning period as long as three seconds can provide 
sufficient oxidation entirely across the surface of the semiconductor 
substrate W up to the periphery thereof, thus enhancing the cleaning 
capability - 



Table 2 



Organic solvent 


Dissolved ozone concentration 
(mg/l) 


Contact angle (degree) 


( A ) Oz one wa t er 
production unit 


(C) Injection 
nozzle 


Center of 
substrate 


Periphery of 
substrate 


Nil 


27.8 


6.2 


<4 


32 


Add. by 50Mg/l 


25.3 


20.6 


<4 


<4 



With reference to Figs . 6 and 7 , a third embodiment of the present 
invention will now be described. 



A semiconductor substrate cleaning apparatus 70 shown in Figs. 
6 cind 7 illustrates an example employing a silent discharge process 
type ozone gas production unit instead of the electrolytic process type 
ozone gas production unit of the first embodiment. 

An ozone gas production unit 70A as shown in Figs . 6 and 7 comprises 
an elongated can body 71 extending along its axial direction, defining 
a main body thereof. A source gas inlet 71a for introducing the air 
provided as a source gas is formed in one end of an outer shell of the 
can body 7 1 . Further , an ozone gas outlet 7 lb for exhausting the obtained 
ozone gas "d" is formed in the other end of the outer shell of the can 
body 71. 

Still further, a water jacket 72 is arranged within the can body 
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71 extending along its length except opposite ends thereof with the 
outer shell of the can body 71 serving as an outer wall for the water 
jacket 72. A cooling water inlet 72a for introducing a cooling water 
is formed in one end of the water jacket 72 and a cooling water outlet 
72b is formed in the other end of the water jacket 72. 

A high voltage electrode tube 73 of test tube shape is contained 
in a central location of the can body 71, which extends along the axial 
line of the can body 71 and is open to the other end side of the can 
body 71 . The high voltage electrode tube 73 employs a dielectric material 
including glass as its raw material. The high voltage electrode tube 
73 forms a predetermined discharge cavity 74 defined between the 
electrode tube 73 and the water jacket 72 via a plurality of spacers 
73a... located between the electrode tube 73 and an inner wall in opposite 
ends of the water jacket 72. Further, a conducting film 75 is formed 
on the inner surface of the high voltage electrode tube 73. 

Feeders 76... aure disposed in the vicinity of opposite ends of the 
conducting film 75 for applying an alternate high voltage to the 
conducting film 75. Each of the feeders 76... is connected with a head 
portion of a feeding line 78 introduced from the outside passing through 
a bushing 77 disposed in the other end of the can body 71. 

A generation process of the ozone gas "d" by this silent discheirge 
type ozone gas production unit 70A will now be described. When an 
alternate high voltage is applied to the conducting film 75 of the high 
voltage electrode tube 73, a moderate glow discharge referred to as 
a silent discharge is induced in the discharge cavity 74 . This causes 
the ozonization in the source gas, which has been introduced into the 
can body 71 from the source gas inlet 71a, to form the ozone gas "d" . 
Then, thus obtained ozone gas "d" is supplied through the ozone gas 
outlet 71b into the ozone water production unit 14. A heat generation 
takes place in the discharge cavity 74 by the electric discharge. If 
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the heat generation is left as it is, then the gas temperature in the 
discharge cavity 74 rises , and the ozone generation is suppressed. From 
this reason, a flow of cooling water is introduced into the water jacket 
72 by using the cooling water inlet 72a and the cooling water outlet 
72b so as to cool the gas flowing through the discharge cavity 74. 

The rest parts of the configuration, action and effect are the 
same as those in the first embodiment , and the explanation thereof should 
be herein omitted. 

As having been described above, according to the ozone water for 
use in cleaning semiconductor substrates , the production method of the 
ozone water for use in cleaning semiconductor substrates and the cleaning 
method of the semiconductor substrates of the present invention, by 
adding the organic solvent to the ozone water, even such an ozone water 
having a reduced total organic carbon amount , especially the ozone water 
that has been obtained from an ultra- pure water having an extremely 
small total orgemic carbon amount, still can suppress the reduction 
of the half -life period of ozone. Consequently, if this ozone water 
for use in cleaning semiconductor substrates of the present invention 
is employed as a cleaning fluid for the semiconductor substrates, the 
highly enriched ozone water is reliably supplied to a cleaning unit. 
This, owing to the strong oxidizing action from the ozone, can enhance 
the cleaning capability and the cleaning efficiency on any organic 
impurities and metallic impurities adhering to the semiconductor 
substrates . 

Especially, according to the production method of the ozone water 
for use in cleaning semiconductor substrates , and the cleaning method 
of the semiconductor substrates of the present invention, if such a 
method for adding the organic solvent to the water is employed, in which 
a porous polymer membrane having water repellency is used therefor, 
a trace amount of organic solvent can be added precisely to the water. 
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It means that there should be no more such an event that the ozone water 
would be contaminated with an amount of organic carbon added excessively 
by the organic solvent or that the carbon component would exist on the 
surface of the semiconductor substrate which otherwise could cause the 
deterioration of the substrate characteristics. Further 
advantageously, the present invention can eliminate any inverse 
affection from the excessive amount of organic carbon on the ozone gas 
generator in the ozone water production unit. Still further, since 
only the extremely trace amount of organic solvent is added according 
to the present invention, the need for an explosion -proof apparatus 
required under the Fire Searvice Law of Japan should be eliminated. 

EFFECT OF THE INVENTION 

As apparent from the above description of the present invention, 
the technique on ozone water for use in cleaning semiconductor substrate 
according to the present invention may be applicable to the cleaning 
of a silicon wafer or a gallium arsenide wafer in the form of single 
wafer, for example. The present invention may be further applicable 
to the cleaning of such a bonded substrate comprising two pieces of 
semiconductor substrates that have been bonded one on the other 
(including a bonded SOI substrate) . Especially, the present invention 
is extremely effective to extend the half -life period of ozone for an 
ultra-pure ozone water whose total organic carbon amount has been 
reduced . 
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